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Updated and expanded in vivo quantitative testing 
procedures to determine the efficacy of topical antimi-
crobial agents are presented. The occlusion test mea-
sures the ability of an agent to prevent the expansion of 
the resident microflora which occurs when an imper-
meable dressing is applied to the forearm. Measurements 
are made at 24 and 48 hr. The expanded flora test mea-
sures the ability of an agent to suppress a dense popu-
lation of micro-organisms produced by expansion of the 
resident flora of the forearm by prior application of an 
impermeable occlusive dressing. Measurements are 
made at 6, 24 and 48 hr or after 10 min in the case for 
agents designed for immediate degerming. The persist-
ence test measures the ability of an agent to establish a 
reservoir in skin and exert an antimicrobial effect up to 
3 days after the last application of the test material. The 
ecological shift test determines any major alteration in 
cutaneous microbial ecology following several applica-
tions of the material under occlusive dressings. The se-
rum inactivation test determines whether the presence 
of serum proteins interferes with antimicrobial activity. 
Antimicrobial substances are applied to human skin for many 
different purposes, viz., treatment of superficial infections, de-
germing of operative sites, hand disinfection, prophylaxis of 
infection in cuts and abrasions, axillary deodorants, detergent 
cleansers to counter dissemination of virulent organisms in 
hospitals, nurseries, etc. 
Of the many thousands of available antimicrobial chemicals, 
only a few are nontoxic enough to merit serious study in 
humans. It is a formidable and virtually impossible task to 
assess effectiveness of a new, untested agent in the clinical 
setting. For example, a properly controlled study for assessing 
prophylaxis of infection of cuts or abrasions, for several for-
mulations of a new agent in a population practicing good 
h ygiene, would require observations on thousands of individuals 
because only a small number of skin injuries become clinically 
infected. Moreover, adequate control of subjects and standard-
ization of other variables, such as the type of wound, size of the 
innoculum of the pathogen and environmental factors are prac-
tically impossible in clinical studies. In fact, it is a current view 
of regulatory bodies and their advisory panels that proof of 
efficacy does not exist for most widely used antimicrobials, 
including antibiotics. The numerous clinical trials, offered as 
proof of efficacy, have been criticized for lack of adequate 
controls. 
Given these complexities, one turns ' naturally to models. 
Animals are ruled out for the most part because their skins 
react differently and human bacterial ecology is unique. With 
the exception of experimental streptococcal lesions in hamster 
skin [1], it is not possible to induce infections which resemble 
those of the human. One is therefore obliged to develop human 
models. 
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Marples and Kligman have described a human model for 
inducing localized, controlled infections with Staphylococcus 
au/'eus which permit analysis of an agent's ability to prevent or 
treat S.au/'eus pyodermas [2]. No in vivo streptococcal infection 
model in humans has been developed despite intensive study 
by Duncan, McBride, and Knox [3]. With respect to in vivo 
"degerming" models, the only established test is t1!e so-called 
"glove juice test" [4]. This is a relatively complex but useful 
method for measuring an agent's ability to degerm hands and 
is primarily designed for evaluating pre-operative scrubbing 
agents. 
In a previous publication, our laboratory described proce-
dures for in vivo quantitative appraisal of certain attributes 
which effective antimicrobials might possess, for example, the 
capability of preventing the explosive expansion of the resident 
microflora when the surface is hydrated by covering it with an 
impermeable plastic fIlm [5-7]. Since then we have had consid-
erably more experience and have both modified and added to 
the original methods. We shall present our updated procedures 
in this paper and provide some illustrations of the results that 
can be obtained. 
SUBJECTS 
The subjects were healthy, young adult college students. Each vol-
unteer was screened as follows: two 5-cm squares of impermeable 
plastic film were placed on the volar surface of each forearm and sealed 
occlusively for 24 hr by encircling the limb with adhesive tape. Unless 
the density of aerobic bacteria reached at least 1 x 10" organisms per 
sq em, the subject was rejected. The reason for pretesting is that 
occasional subjects will fa il to show substantial increase in the resident 
micro flora. This problem is noted mainly in females and appears to be 
related to the use of antibacterial toiletries, especially perfumes. Sub-
jects who fail to pass the initial screening are usually acceptable after 
a 1 to 2-week period of discontinuation of all cosmetics. Antibacterial 
soaps were not used for 2 weeks prior to testing. 
MICROBIOLOGICAL METHODS 
These have been previously described [8). Sampling was by the 
detergent scrub method in which the surface within a glass cup 3.8 cm2 
is scrubbed with a Teflon policeman using 0.1% Triton X-1OO (a non-
ionic fluid detergent) as the wash fluid. After serial dilutions in half-
strength, buffered Triton X-100, single ell'ops (0.025 mI) were allowed 
to fa ll on plates of Trypticase soy agar (BBL) with and without lecithin 
and polysorbate 80 (Tween 80) as detoxicants, MacConkey's Agar 
Medium (BBL) for gram negative organisms and Sabouraud's medium 
for yeast and fungi. Bacterial plates were incubated aerobically at 35°C 
for 2 days, plates for yeast and fungi at room temperature. 
A potential source for error is the transfer of the antimicrobial 
substances from the skin to the culture system. This is monitored by 
assaying for residual antimicrobial activity in the sampling fluid. One 
ell'op (0.025 ml) of the original scrub sample is placed on lawnplate 
inoculated with a susceptible strain of Staphylococcus epidermidis. 
Inhibition of bacterial growth at the ell'op sites indicates "carryover." 
To evaluate the extent to which t.his invalidates results, the survival of 
a sensitive strain of S. epidermidis in the undilu ted scrub sample is 
determined as follows: 0.9 ml of the undiluted culture fluid and 0.1 ml 
of a fresh saline suspension of S . epidennidis ru'e mixed and allowed to 
stand for 4 hr. Quantitative subcultures are done at 30 min, 1 hI' and 4 
hI' and compared with similru- subcultures from a mixture of 0_1 mI of 
inoculum of the S. epide/'midis suspension in 0.9 ml of Triton X-100. If 
the counts decline in relation to the control, the test is invalidated. In 
order to test agents which carryover, either a neutralizer must be 
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found or sampling must be done at a time when the residue of antimi-
crobial agent on the skin is insignificant. "Carryover" is a rare event, 
but should be tested for with each new agent. The few occasions that 
we detected a carry-over occurred when the skin was cultured shortly 
after the antimicrobial agent was applied. This was seen, for example, 
in cultures taken 10 min after application of hexachlorophene, chlor-
hexidine, polymyxin, and Hyamine-l0X. Tween-80 was found to neu-
tralize the carryover of hexachlorophene and chlorhexidine. No suitable 
neutralizer could be found for polymyxin or Hyamine-l0X and we are 
unable to assess immediate antibacterial effect of these agents. 
When an antibiotic is tested, one must also take into account the 
possibility of false negative results through the selection and over-
gI'owth of organisms which are resistant to the test agent. This can be 
assessed by simultaneously culturing samples on media containing 
appropriate concentrations of the test ant ibiotic. Growth of organisms 
on plates containing the antibiot ic demonstrates the presence of resist-
ant strains. 
TESTING PROCEDURES 
Occlusion Test 
T he principle of this test is that the micro flora of the forearm skin 
is sparse (101 to 102 organisms per square cm [6). An impermeable 
dressing will increase surface moisture by preventing diffusional water 
loss and thus enhance bacterial growth. The density of resident orga-
nisms increases significantly, with counts frequently reaching millions 
per sq cm by 48 hr [6,7). The organisms involved in this expansion are 
primarily gram positive cocci and diphtheroids [6). In earlier studies, 
Marples and Kligman compared antimicrobial agents for 48 hr time 
periods [7]. This measures not only antibacterial activity but persist-
ence and stability as well. An unstable or rapidly cleared substance 
would fa lsely be judged as ineffective. Hence sampling is now done at 
24 and 48 hr. 
The procedure is as follows: on each arm 0.1 ml of the test material 
is delivered to each of two 5-cm squares (25 sq cm), by a plastic 
tuberculin syringe (0.1 ml) . Each site is immediately covered with a 5-
em square of impermeable plastic fUm (Saran Wrap). The site is 
occlusively sealed by encircling the limb with plastic tape (Dermiclear). 
A strip of !fl' wide white-backed adhesive tape (Zonas, Johnson & 
Johnson) is placed between each test site to prevent the possibility of 
translocation of test agents and organisms from one site to another. A 
third site on each arm is treated with 0.1 ml of the vehicle. The control 
site is always prepared fust to prevent its potential conta mination by 
the test substances. After 24 hr of occlusion, the 3 sites on one arm are 
quantitatively sampled. The opposite arm is sampled after 48 hr. 
Expanded Flora Test 
T his test measures the ability of an agent to suppress a dense and 
flourishing population of organisms. The forearm is wrapped with 
several lay'ers of impermeable plastic fUm and then sealed at the wrist · 
and below the elbow for 24 hr to expand the resident aerobic flora. 
After expansion of the resident flora, the procedures are identical to 
those described in the occlusion test. Two 25 sq cm sites on each arm 
are treated with 0.1 ml of the test agent while a third is treated with 
the vehicle control. Sites are cultured at 6, 24 and 48 hr depending on 
the stability of the test agent. For agents designed to produce immediate 
bactericidal action, e.g., preoperative sterilization, cultures are per-
formed 10 min after application. In such cases, extreme care must be 
taken to rule out carryover of the test material into the culture fluid , as 
mentioned above. 
Persistence Test 
T he property that is evaluated in this procedure is the ability of the 
agent to establish a reservoir in the horny layer. Substantive agents 
which diffuse into the horny layer or bind chemically to it will not be 
readily removed either by loss from the surface or by absorption. The 
antibacterial effect will therefore last several days. 
0.5 ml of the test agent is applied with a pippette twice daily for 4 
days to one entire volar forearm. Twenty-four hours after the last 
application, occlusive dressings (as above) are applied to 3 sites on the 
chemically treated arm as well as to the other arm treated only with 
the vehicle. If an antimicrobial effect is demonstrable, the test is 
repeated, and the post-treatment interval is extended to 72 hr. 
Ecological Shift Test 
Many agents, particularly antibiotics, have restricted in vitro anti-
bacterial spectra. In vivo, this may bring about replacement of the 
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resident micro flora by potential pathogens which do not normally 
inhabit the site, except in very low numbers, viz. , gram negative 
organisms and yeasts. Ecologic displacements of this kind can be 
assessed as follows: three 5 cm squares are marked on each forearm, 
one site serving as a cont rol. The other 2 are treated every 48 hI' with 
the test agent for a total of 3 applications (1 week of continuou.s 
occlusion). The dressings are replaced after each application. Quanti-
tative cultures are obtained after the third 48-hour period of occlusion. 
Serum Inactivation Test 
Certain antimicrobial agents may be inactivated if their use entails 
application to exudative lesions or to superficial injuries that bring 
serum to the surface. The effect of serum in antimicrobial activity is 
assessed as follows: volunteers, who had given informed consent, have 
50% ammonium hydroxide applied to their forearm within an 8 mm 
diameter glass cylinder according to the method of Frosch and Kligman 
[7]. Within 15 minutes, intraepidermal blisters are produced; these are 
immediately unroofed with sterile scissors exposing a serous base. This 
injury mimicks an abrasion. The blister is then inoculated with a 
mal'ker stain of S. epidermidis, a nonpathogenic resident coccus which 
grows readily and can be recognized by its red pigment [9]. This assures 
that the microbial population will be roughly the same at each site and 
al~o counteracts invasion of virulent organisms such as S. aureuS [2]. 
The wounds are covered for 6 hr with impermeable plastic fUm to allow 
growth of the implanted coccus. 0.02 ml of the test material is then 
applied occlusively for 24 hr. 
MATERIALS 
The following categories of materials were studied: (1) vehicles, (2) 
preservatives, (3) antibiotics, and (4) antimicrobial agents. The vehicles 
included 70% ethanol, U.S.P.; petrolatum; 100% acetone; 100% chloro-
form; hydrophilic ointment, U.S.P.; 60% propylene glycol; polyethylene 
glycol-400. Antibiotics included 1% erythromycin free base 1% clinda-
mycin phosphate, and 1% neomycin sulfate. Antimicrobials included 
5% benzoyl peroxide, 1% hexachlorophene, 1% chlorhexidine acetate, a 
commercially available ointment preparation of povidone iodine, the 
quaternary ammonium compound Hyamine-10X and 0.1% magnesium 
pyridinethione. Agents were evaluated in the occlusion test fust and if 
they failed, no further testing was performed. Those that were active 
in the occlusion test were evaluated in the expanded flora test for 
activity at 6 and 24 hr. Those showing activity at 6 hr were evaluated 
at 10 min for immediate bactericidal activity and those effective at 24 
hl' were evaluated at 48 hr for persistence of bactericidal activity. 
Agents with activity in either the occlusion test or expanded flora test 
are evaluated in the persistence test. 
For the ecological shift test the following agents were selected: a 
bacitracin-polymixin combination ointment, and a neomycin-bacitra-
cin-polymixin combination ointment as examples of broad spectrum 
antibacterial agents with no activity against yeasts or fungi; 3% hexa-
chlorophene as an agent with predominant activity against gram posi-
tive bacteria; and 1% magnesium pyridinethione as an example of an 
agent with activity against bacteria, yeast and fungi. 
For the serum inactivation test the agents povidone-iodine and 
Hyamine-10X, both known to be inhibited by the presence of serum 
proteins, were contrasted with neomycin sulfate which is not affected 
by serum proteins. 
RESULTS 
Occlusion Test 
Among the commonly employed vehicles, 70% ethanol, 60% 
propylene glycol, 100% polyethylene glycol and hydrophilic 
ointment exerted a significant effect over a 24-hr period while 
acetone, chloroform, petrolatum and lanolin failed . The results 
for hydrophilic ointment were surprising until we discovered 
that this agent contained sodium lauryl sulfate. Ethanol, pro-
pylene glycol and polyethylene glycol produced a significant 
reduction at 48 hr. Antimicrobial agents, such as benzoyl per-
oxide, povidone-iodine, chlorhexidine, hexachlorophene, Hy-
amine lO-X and topical antibiotics, such as clindamycin, eryth-
romycin and neomycin were highly effective (Table I) . 
Expanded Flora Test 
Results with representative agents are displayed in Table II 
to V. Povidone-iodine ointment and 70% ethanol demonstrated 
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TABLE 1. Occlusion test 
24-hr sampling 48-hr sampling 
Agent % N Geometric Logarithmic SEM p Geometric Logarithmic SEM p 
m eanU mean f• mean mean 
Control 9 932,000 5.970 0.149 1,960,000 6.292 0.12 
Eth anol 70 10 142 2. 152 0.525 2,600 3.419 0.63 
Petrola tum 100 10 860,000 5.935 0.137 NS 
Lanolin 100 8 183,000 5.263 0.362 NS 337,000 5.528 0.161 NS 
Control 10 1,284,000 6.109 0.149 2,000,000 6.301 0.254 
Acetone 100 10 1,164,000 6.066 0.164 NS 
Chloroform 100 10 880,000 5.945 0.278 NS 
Hydrophilic ointment 100 8 4,500 3.653 0.411 292,000 5.465 0.423 NS 
Propylene glycol 60 11 74 1.869 0.437 31 1.491 0.717 ... 
polyethylene glycol 400 100 12 504 2.702 0.652 76,400 4.881 0.415 
Control 10 281,000 5.449 0.196 2,219,000 6.346 0.054 
Benzoyl peroxide 2.5 10 7 0.845 0.378 31,000 4.491 0.151 
Benzoyl peroxide 5.0 10 3 0.477 0.306 52 1.716 0.455 
Control 5 235,000 5.371 0.203 1,078,000 6.033 0.241 
povidone-iodine ointment 10 181 2.258 0.489 990 2.996 0.563 ... 
(Betadine@) 
Control 5 932,000 5.969 0.514 6,501,000 6.813 0.143 
Magnesium pyridinethione 1.0 10 7 0.845 0.378 34 1.531 0.155 
Control 8 692,000 5.840 0.155 1,528,000 6.184 0.170 
Hexachlorophene 1.0 8 22 1.350 0.320 178 2.250 0.444 
Chlorhexidine 1.0 8 136 2. 135 0.170 860 2.935 0.197 ... 
Control 8 169,000 5.228 0.231 1,788,000 6.252 0.155 
Hyamine lOX 1.0 8 28 1.447 0.533 ... 52 1.716 0.155 ... 
Control 8 295,000 5.470 0.287 1,857,000 6.269 0.130 
Erythromycin 1.0 8 1,200 3.095 0.292 122,000 5.086 0.241 
C lindamycin phosphate 1.0 6 525 2.720 0.814 634 2.802 0.749 
Control 10 650,000 5.813 0.112 1,612,000 6.207 0. 152 
Neomycin sulfate 1.0 10 35 1.544 0.251 640 2.806 0.320 ... 
" Geometric mean density with standard error of the mean (logarithm): Student's t-test • = p < 0.05; •• = p < 0.01 ; ••• = p < 0.001. 
Key to abbreviations: % = concentration; S.E.M. = standard error of the mean; p = significance (see note above); NS = not significant; and N 
= number of subjects. 
TABLE II. Expanded Flora test (10 min) 
Agent % N Geometric Logarithmic SEM Mean" Mean" p 
Control 10 601,700 5.779 0.303 
Povidone-iodine ointment 100 10 620 2.793 0.600 
(Betadine) 
Ethanol 70 10 80 1.904 0.415 
Control 8 261,000 5.416 0.157 
Propylene glycol 60 8 2,051 3.312 0.561 
Polyethylene glycol 400 100 8 34,900 4.544 0.276 
Control 10 1,309,000 6.116 0.090 
Benzoyl peroxide 5 10 363,000 5.560 0.220 
Control 8 56,500 4.752 0.142 
Chlorhexidine 1.0 8 4 0.560 0.314 
Hexachlorophene 1.0 8 43,000 4.634 0.272 NS 
Control 9 355,000 5.550 0.193 
Neomycin sulfate 1.0 9 77,500 4.889 0.003 
" Geometric mean density with standard error of the mean (logarithm) : S tudent's t-test • = p < 0.05; •• = P < 0.01; ••• = P < 0.001. 
Key to abbreviations: % = concentration; N = number of subjects; SEM = standard error of the mea n; p = significance; and NS = not 
s ignificant. • . 
highly significant immediate bactericidal properties. In the case 
of ethanol no effect was seen at 24 hr indicating 'that antibac-
terial properties were no longer present. Povidone-iodine oint-
ment continued to exert a significant effect after 24 hr. While 
the results at 48 hr were still statistically significant, the effect 
was cleru'ly diminishing since the geometric mean had risen to 
105 organisms per sq cm. In the case of benzoyl peroxide, there 
was an immediate antibacterial effect (10 min) but not as 
substantial as the effect of ethanol or povidone-iodine ointment. 
However, the results at 48 hr showed benzoyl peroxide to be 
more effective than povidone-iodine. Of the various vehicles 
found effective in the occlusion test, 60% propylene glycol and 
100% polyethylene glycol-400 produced a significant reduction 
up to 48 hr. Hydrophilic ointment was ineffective in suppressing 
an established dense bacterial population even though it was 
effective in preventing expansion of the normal forearm flora . 
Antibiotics, such as erythromycin and clindamycin which are 
bacteriostatic, were capable of suppressing an expanded flora 
over a 24-hr to 48-hr period, but did not have immediate (10 
min or 6 hr) activity. Neomycin sulfate, however, proved to 
have both a significant immediate and sustained bactericidal 
effect. Agents, such as 70% ethanol, povidone-iodine ointment, 
benzoyl peroxide, hexachlorophene and chlorhexidine have im-
mediate bactericidal action. 
Persistence Test 
Table VI summru"izes the results of this test. Polyethylene 
glycol (100%), 1.0% hexachlorophene, 1.0% chlorhexidine, 1.0% 
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Hyamine lO-X and l.0% neomycin sulfate were able to prevent 
expansion of the resident microflora 24 hr after the last appli-
cation of the test material. Only 3 agents were capable of 
forming a sufficient reservoir in skin to prevent expansion of 
the microflora 72 hr after the last application, viz., Hyamine 
lO-X, neomycin sulfate and magnesium pyridinethione. 
Ecological Shift Test 
In this test, the repeated application of an ointment contain-
ing a mixture of bacitracin and polymyxin (active against gram 
positives and gram negatives), or an ointment containing a 
mixture of neomycin, polymyxin and bacitracin (also active 
against gram positive and gram negative organisms) resulted in 
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the implantation of yeast-like fungi in 15 of 16 subjects. 
Hexachlorophene, effective against gram positive organisms, 
led to an increase in gram negatives in 5 of 8 subjects. No 
ecologic shifts were observed with magnesium pYTidinethione, 
the microflora being unifoTmly and completely suppressed 
(Table VII) . 
Serum Inactivation Test 
Table VIII compares 3 agents which can potentially be in-
activated by serum (a quaternary ammonium compound, Hy-
amine 10-X and the iodine releasing compound povidone-io-
dine) with neomycin sulfate, whose antimicrobial effect is not 
influenced by serum proteins. The iodine compound was, in 
TABLE III. Expanded flora test (6 hr) 
Agent % N Geometri c Logarithmic SEM Mean fl Mean" 
Control 5 7,874,000 6.896 0.090 
Ethanol 70 6 14,000 4.149 0.344 
Control 6 621,000 5.794 0.277 
Hydrophilic oin tment 10 38,600 4.587 0.471 
Control 10 1,023,000 6.010 0.143 
Propylene glycol 60 10 274 2.438 0.499 
Polyethylene glycol 400 100 8 415 2.618 0.336 
Control 7 24,300 4.387 0.228 
Magnesium pyridinethione 1.0 7 65,110 4.814 0.282 
Control 10 1,320,000 6.121 0.212 
Povidone iodine ointment 100 10 1,000 3.000 0.142 
(Betadine) 
Control 10 1,309,000 6.116 0.090 
Benzoyl peroxide 5.0 10 477 2.679 0.454 
Control 8 144,000 5.158 0.267 
Hexachlorophene 1.0 8 1,400 3.147 0.423 
Chlorhexidine 1.0 8 74 1.872 0.591 
Control 5 1,552,000 6.191 0.087 
Hyamine lOX 1.0 10 16 1.204 0.454 
Control 4 960,000 5.982 0.235 
Neomycin sulfate 1.0 7 44,000 4.643 0.312 
Control 7 127,000 5.105 0.190 
Erythromycin 1.0 7 111,500 5.047 0.313 
Clinda mycin phosphate 1.0 7 77,600 4.890 0.193 
"Geometric mean density with standard errol' of the mean (logarithm): • = p < 0.05; •• = P < 0.01; and ••• = p < 0.001. 
Key to abbreviations: % = concentration; SEM = standm'd error of the mean; p = significance (see note above). 
Control 
Ethanol 
Control 
Agen t 
Hydrophilic oin tment 
Control 
Propylene glycol 
Polyethylene glycol 400 
Control 
Benzoyl peroxide 
Control 
Povidone-iodine ointment 
(Betadine) 
TABLE IV. 
% 
70 
60 
100 
5.0 
100 
Expanded Flora test (24 Ill) 
N Geomet.ri c Logarithmic mean" mean" 
5 6,904,000 6.839 
6 4,694,000 6.672 
6 1,319,000 6.120 
10 165,000 5.219 
10 1,198,000 6.079 
10 34 1.537 
8 78 1.892 
10 2,603,000 6.415 
10 10,400 4.019 
10 2,486,000 6.392 
10 8,700 3.940 
SEM 
0.140 
0.011 
0.191 
0.162 
0.153 
0.378 
0.521 
0.082 
0.275 
0.103 
0.200 
Control 7 443,000 5.646 0.120 
p 
... 
NS 
... 
... 
NS 
... 
.. 
... 
NS 
NS 
p 
NS 
NS 
... 
... 
... 
... 
Magnesium pyridinethione 1.0 7 19 1.282 0.529 ••• 
Control 8 442,600 5.871 0.251 
H exachlorophene 1.0 8 10 0.980 0.290 ••• 
Chlorhexidine 1.0 8 14 1.134 0.455 ••• 
Control 5 2,342,000 6.370 0.130 
Hyamine lOX 1.0 10 4 0.602 0.331 ••• 
Control 10 892,000 5.950 0.138 
Erythromycin 1.0 10 47,900 4.680 0.322 •• 
Clindamycin phosphate 1.0 10 121,000 5.083 0.225 •• 
Neomycin sulfate 1.0 10 2,050 3.312 0.451 •• 
" Geometric mean density with standm'd error of the mean (logarithm) : • = p < 0.05; •• = p < 0.01; and ••• = p < 0.001. 
Key to a bbreviations: % = concentration; SEM = standard error of the mean; p = significance (see note above); NS = not significant; and N 
= number of subjec ts. . 
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Agent 
Control 
Propylene glycol 
Polyethylene glycol 400 
Control 
Benzoyl peroxide 
Control 
Povidone· iodine ointment 
(Betadine) 
TABLE V. Expanded flora test (48Iu) 
% 
60 
100 
5.0 
N 
10 
10 
8 
10 
10 
10 
10 
Geometric 
Mean" 
1,819,000 
4,300 
9,100 
2,877,000 
62,400 
3,069,000 
101,000 
Logarithmic 
Mean' 
6.250 
3.638 
3.959 
6.459 
4.795 
6.487 
5.004 
Control 7 2,133,000 6.329 
Magnesium pyridinethione 1.0 7 0 0 
SEM 
0.078 
0.310 
0.320 
0.094 
0.131 
0.106 
0.245 
0.243 
Control 8 1,151 ,000 6.061 0.144 
Hexachlorophene 1.0 8 1,260 3.721 0.229 
Chlorhexidine 1.0 8 76 1.883 0.381 
Control 10 1,552,000 6.1909 0.087 
Hyamine lOX 1.0 10 7 0.8451 0.514 
Control 10 487,500 5.688 0.170 
Erythromycin 1.0 10 129,000 5.109 0.170 
Clindamycin phosphate 1.0 10 63,400 4.802 0.113 
Control 10 1,819,000 6.260 0.167 
p 
••• 
... 
... 
... 
NS 
NS 
Neomycin sulfate 1.0 10 4,300 3.633 0.326 •• 
" (1) Geometric mean density with standard error of the mean (logarithm): Student's t·test • = p < 0.05; •• = p < 0.01; ••• = P < 0.001. 
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Agent 
Control 
polyethylene glycol 400 
Control 
Propylene glycol 
Control 
Benzoyl peroxide 
Control 
povidone iodine ointment 
(Betadine) 
% 
100 
60.0 
N 
8 
8 
6 
6 
8 
8 
6 
6 
TABLE VI. Persistence test 
Geometric 
men n" 
723,000 
18,400 
117,800 
29,800 
206,500 
114,600 
117,000 
41,800 
24·hour 
sampling" 
Logarithmic 
Mean ll 
5.859 
4.265 
5.071 
4.475 
5.315 
5.059 
5.068 
4.621 
SEM 
0.125 
0.419 
0.378 
0.449 
0.305 
0.157 
0.190 
0.195 
Control 8 167,000 5.223 0.275 
Hexachlorophene 1.0 8 34 1.531 0.37 
Chlorhexidine 1.0 8 12 1.08 0.54 
Control 6 381,000 5.581 0.08 
Hyamine lOX 1.0 6 26 1.409 0.471 
Control 8 804,000 5.905 0.31 
Erythromycin 1.0 8 634,000 5.802 0.19 
Clindamycin 1.0 8 405,000 5.617 0.396 
Control 8 483,000 5.684 0.08 
p 
NS 
NS 
NS 
... 
... 
... 
NS 
NS 
Geometric 
mean" 
717,000 
99,800 
87,000 
27,100 
72-hour 
sampling' 
Logarithmic 
mean" 
5.855 
4.999 
4.939 
4.433 
SEM 
0.111 
0.293 
0.292 
0.275 
p 
NS 
NS 
NS 
.. 
Neomycin sulfate 1.0 8 17 1.23 0.58 ••• 11 ,100 4.045 0.242 •• • 
Magnesium pyridinethione 1.0 8 14 1.146 0.53 120 2.079 0.42 ••• 
" Occlusive dressings are applied 24 and 72 hr after the last of the 4 twice·daily applications of the test material. Quantitacultures are obtained 
after 24 hr of occlusion. 
h Geometric Mean density with standard error of the mean (logarithm) : Student's t·test • = p < 0.05; •• = P < 0.01; ••• = P < 0.00l. 
Key to abbreviations: % = concentration; N = number of subjects; SEM = standard error of the mean; p = significance; NS = not significant. 
TABLE VII. Ecological shift test 
Total Gram 
Agent N Aerobic 
Flora" 
Negative 
Organislns'! 
Yeasth 
Control 8 1.369,000 183,000 42.000 
(37.5%) (1 2.5%) 
Bacitracin·Polymixin 8 90,000 1,200,000 80.000 
(12.5%) (100%) 
Neomycin-Bacitracin- 8 5,500 90,000 4,800 
Polymixin (1 2.5%) (87.5%) 
3.0% Hexachlorophene 8 2,000 13.600 
(62.5%) (0.0%) 
1.0% Magnesium pyri- 8 7 
dinethione (0.0%) (0.0%) 
" Geometric mean average of all sites. 
/, Geometric mean of positive sites with % of positive sites in parenthesis. 
fact, inactivated_ The quaternary compound was still capable 
of suppressing a dense population of micro·organisms but was 
not as effective as in the expanded flora test. This suggests that 
there was partial inactivation of this agent_ ·Neomycin was just 
as effective in suppressing a dense flora in the presence of serum 
as in the expanded flora test. 
COMMENT 
These assays permit systematic, in vivo evaluation of anti· 
microbial activity_ The sequence of study is as follows: 
The 24· tu and 48·h.r occlusion test is done fust, thus estab· 
lishing whether the agent is active and stable enough to prevent 
multiplication of resident micro·organisms. This is in reality a 
measure of bacteriostatic activity_ If the antibacterial activity 
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TABLE VIII. Serum inactivation test 
Agent % N Geometric Logarithmic SEM p mean tl mean(/ 
Control 8 5,122,000 6.709 0.09 
Povidone-iodine 100 8 1,448,000 6.161 0.31 NS 
surgical scrub 
Hyamine lOX 0.5 8 528,000 5.723 0.32 
Neomycin sulfate 1.0 8 1,700 3.236 0.41 
" Geometric mean density with standard en 'or of the mean (logarithm) : Stu-
dents' t-test • = p < 0.05; •• = P < 0.01; ... = P < 0.001. 
Key to abbreviations: % = concentration; N = number of subjects; SEM = 
standard error of the mean; p = significance; NS = not significant. 
is too low, no further tests are indicated, unless it is considered 
feasible to increase the concentration or to improve the vehicle. 
The expanded flora test is performed next. This provides a 
measurement of how quickly the test agent can suppress a 
dense, proliferating population, actually a test of bactericidal 
activity. If desired, immediate killing ability can be assessed 
within 10 to 30 min after application_ One then decides whether 
it will be worthwhile to test for long-acting antimicrobial activ-
ity (reservoir effect) . For example, if the agent is effective at 48 
hr both in the occlusion and expanded flora tests, it should be 
assayed for persistance_ Very few agents exert significant anti-
microbial activity beyond 48 hr. Broad spectrum agents that 
are substantive would be useful in situation where exposure to 
fungi and pathogenic bacteria is high and frequent applications 
unfeasible. Broad spectrum antimicrobials with persistent ac-
tivity would be useful to protect skin which is kept occluded for 
long periods such as around indwelling catheters. 
If the materials are intended for use on cuts and abrasions or 
secondarily infected, exudative inflammatory processes, it 
should then be tested for antimicrobial activity in the presence 
of seru~. Inactivation can often be overcome by increasing the · 
concentration. 
Except for raising ammonium hydroxide blisters in the serum 
inactivation test, these procedures are non-invasive and can 
easily be performed in volunteers without discomfort and pro-
vide quantitative measurements of several parameters. 
With a new untested agent we can rapidly assess whether the 
material will have any potential benefit by measuring the effect 
in the occlusion test. If a material fails this test then it can be 
discarded unless there is the possibility of it being highly 
unstable or too dilute_ The first possibility can be ruled out by 
measuring the effect of the agent in a 1O-min expanded flora 
test. Newer more stable or more concentrated compounds are ' 
reassessed in the occlusion test. An agent which demonstrates 
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activity in the occlusion test should then be evaluated in the 
expanded flora test to determine whether it is capable . of 
suppressing a dense, thriving flora. Some agents will be effectIve 
in the occlusion test but fail to exert bactericidal activity- For 
agents which are already formulated and on the market, these 
tests can be used to substantiate or invalidate claims. For 
example, agents reported to be effective, rapid degerming agents 
with no danger of inducing adverse changes in the ecology of 
the resident flora, e.g_, properties desirable in agents to be us~d 
frequently, such as disinfectant handwashers, can be tested III 
the expanded flora and ecological shift tests. Likewise, agents 
designed for sterilization around catheter sites should be capa-
ble of preventing expansion of the resident flora for at least 48 
hr and should not lead to selection of resistant organismS or 
overgrowth of gram-negative organisms or yeasts if they are 
intended for prolonged usage. Agents designed for use in c~ts 
should not be inactivated by serum proteins; this can be easily 
determined by the serum inactivation test. Agents reported to 
exert "long-lasting" antimicrobial effects can be tested in the 
persistance test. 
In summary, these models provide noninvasive testing pro-
cedures which provide reproducible quantitative measurements 
in a variety of in vivo antimicrobial parameters. 
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